This present study addresses the relationship between Particulate Matter (PM) and meteorological parameters over two metropolitan cities in India (Delhi and Pune) together with the Potential sources contribution function (PSCF) in order to understand the role of the transport on the variability of PM for a period of one year. To examine the variations of PM, over different time scales (diurnal and seasonal), at different observational locations, diurnal scales, are shown that maximum values of standard deviations (SD) are found in early hours of morning around 10AM, and later hours in the night over Delhi, however, the maximum values of SD are found in the morning hours around 8 to 10 AM over Pune. The relationship between PM and meteorological parameters is studied and explains a positive relationship between wind speed and planetary boundary layer height (PBLH), with a PM. Also, analyses on the Potential source contributions function (PSCF) over Delhi show that higher source contributions are observed during months of November, December and January over the region of Indo Gangetic Plain (IGP) plane north and Eastward of Delhi. Similarly, over Pune, most of the time, the source contribution in terms of pollution in Pune is coming from the south-east and eastern part of India, except in the winter season in the months of (December, January, and February). This analysis clearly suggests that the orography is played a pivotal role over the variations of PM over Pune.
Introduction
Over last several decades, environmental chemistry and climate are major issues Open Journal of Air Pollution covers ~1500 km 2 of the industrial area including the suburban towns of Ghaziabad, Noida Faridabad, and Gurgaon. According to 2011 census, Delhi is the second highest populous (~11 million population) city in India, as well as it is one of the most polluted urban environments over the globe. Delhi climate is humid subtropical climate and hot semi-arid with high temperatures of 40˚C -45˚C in pre-monsoon (warm) season while lowest of 13˚C -15˚C during in winter period. The monsoon arrives at the end of June, along with an increase in humidity.
Pune is located at (18.5˚N; 73.8˚E) an altitude of about 550 m above the MSLs, it is situated in the western zone of the Deccan plateau and covers an area of ~700 km 2 . It is one of the most rapidly developing cities in India in terms of industries as well as vehicular population and also urbanization [28] . Pune has a tropical wet and dry climate with average temperatures ranging between 20 to 33˚C [29] . Number of vehicles over Delhi and Pune are increasing 2 to 3 times [29] [30] within a decade. By the year 2010, the vehicular count for Delhi is 57 lakh's and over Pune, 1000 vehicles per hour cross the signal [29] . The monitoring stations are placed at strategically selected locations by including different sectors with vehicular transport, industrial pollution, biomass burning, residential etc. More detailed information about the instrumentation, quality control of the data from the SAFAR network at different observational locations over Delhi and Pune (http://safar.tropmet.res.in/) are reported in [24] .
Experimental Techniques
Continuous measurements of PM 2.5 and PM 10 Carbon-14 (14 C ) element provides a constant source of high energy electrons known as beta rays. The beta particles are detected and counted by a sensitive scintillation counter. Detailed information of BAM-1020 has been reported in a study by [19] . AWS was continuously operated and measures meteorological parameters, viz. wind speed, wind direction, temperature, relative humidity, etc., during the study period and the data were recorded at every 5 min interval and then binned at the one-hour interval after a quality check for further analysis and comparisons [31] . Planetary boundary layer height (PBLH) is taken from ERA-Interim reanalysis data.
Methodology
Potential Source Contributory Function of PM2.5 The potential source contribution function (PSCF) is used to calculate the possible source locations using back trajectories [32] . The air mass back trajectories for Delhi and Pune during the year 2015 were calculated using the Hybrid Single-Particle Lagrangian Integrated Trajectory-4 (HYSPLIT-4) and are shown in Figure 7 and Figure 8 respectively. The back trajectories started from each 00:00 (UTC) on every month of the year 2015 at 100 m, which represent air masses from low altitudes. We calculated five days (120-h) back trajectories at 24
hourly based on HYSPLIT using National Centers for Environmental Prediction (NCEP) reanalysis data with a gridded resolution of 1˚ × 1˚. The arrival heights of the trajectories were at the surface (100 m). To calculate the PSCF, the geographic region covered by the trajectories was divided into an array of 0.3˚ × 0.3˚ grid cells with surface height and the PM 2.5 concentration kept within a threshold limit 95%.
Results & Discussion

Annual Distribution of PM10 & PM2.5 over Delhi and Pune
The analysis was begun from the annual variations of PM at all the observational locations over Delhi and Pune. The higher values of PM 10 were observed over
Delhi as compared to Pune (it was the same case for PM 2.5 ). All the stations over The annual mean concentrations (±standard deviations) of PM 2.5 and PM 10 for all air quality stations for Delhi and Pune are shown in Table 1 and Table 2 ter and Pre-monsoon seasons only and rest of the period maintains the standard levels. According to previous studies over Delhi, the transport sector has contributed 45% to total PM 2.5 concentrations, 27% of PM 2.5 is contributed from industrial sector, 24% from industries and 4% from power sector [30] however, and major sources of overall air pollution in Delhi are: emissions from vehicles (67%), coal-based thermal power plants (13%), industrial units (12%) and domestic exhaust (8%) [4] . Figure 1 shows that the particulate matter levels are higher in the November and December followed by the May months over the Delhi, we can observe in the Pune the PM concentration is high during November and December followed by the April month.
Diurnal Variations in PM10 and PM2.5
The average diurnal variations in PM 10 
Role of Meteorology
Ambient conditions of air pollution distribution will mainly depend on local meteorological conditions as well as long-range transport; Strong seasonality will lead to modulating the air quality levels [17] [27]. The seasonal distributions of ambient pollutants such as PM 2.5 and PM 10 are controlled by the emission sources, topography, local meteorology, transport factors and boundary layer height in the tropical atmosphere [19] . It is already well established that the meteorology will identify the transport and diffusion of the air pollution cycle, Meteorological factors such as winds direction, wind speed, temperature, precipitation, atmospheric boundary layer, relative humidity play an important role to determine the air pollution levels [33] . Impact of all these meteorological parameters in PM concentrations is significantly important and variability depends [34] . On the other hand, it is impossible to determine the influence of any individual meteorological parameter on PM concentrations with high accuracy due to contradictory and multiple effects that they may have on accumulation and dispersion of pollutants.
Meteorology Influences on PM over Metro and Metropolitan City
Time series of particulate pollutants and meteorological variables are shown in Figure 4 and Figure [33] [35] . Figure 4 shows the relationship between the PM and various meteorological parameters over Delhi. In Figure 4 On the other hand, the relationship between PM and meteorological parameters were further analyzed, as shown in Figure 5 over Pune. Further, in order to see the contribution from both PM 10 and PM 2.5 , we have shown the scatter plot in Figure 6 . It shows the linear relationship between PM 10 and PM 2.5 , these parameters show higher positive correlations of about 0.94 (0.91) over Delhi (Pune). This analysis clearly indicates that these higher values of CC associated with the PM 2.5 contribution in the particulate matter which causes the pollution over both the cities.
Potential Source Contributions and Source Apportionment
Long-range transport of particulate matter is important to understand the direct emissions from local sources. can be observed in the months of January in the north-Eastern parts of Pune.
The lowest PSFC values with a range of (0.1 -0.3) are observed in remaining months which appeared to be cleaner.
Summary and Conclusions
In this study the variability of PM over two metropolitan cities in India was studied using the ground-based observational datasets for the period of one year. In addition to this variability, we have also done the analysis on the source contributory function in order to understand the long-range transport of particulate matter; this will provide the information on the source regions from the emission points. Initially, we begin our analysis on variability by presenting the vari- 
